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Rehabilitation Implications 



The studies reported in this volume and conclusions from previously 
reported studies demonstrated rather unanimously that there is little, 
if any, qualitative difference between deaf and hearing subjects in the 
processing of visual input, verbal or non-verbal. The differences we 
found were primarily in the ability to read, understand, remember, and 
output complex English sentences. Hence, the deficiencies in language 
performance skills, such as reading, writing, etc., found in the deaf 
may be attributed, in part, to their lack of a language system like that 
of the hearing. Whether this system is dependent on the auditory modality 
is not known. However, the deaf lack the constraints provided by such a 
system which results in the anomalous sentences they may produce and the 
seeming lack of understanding. Reasons for this type of deficiency may 
be sought in one or both of the following: 

a. Inadequate training materials, e.g. materials based on 
written, formal English rather than spoken English; 
materials based on inadequately documented or inappro- 
priate sentence-frame grammars. 

b. Absence of an existing symbolic framework onto which 
English language skills may be based. There should be 

(1) a language-communication system first, followed by 

(2) written language which begins (in training) by 
corresponding in grammar and other structural features 
to the existing communication system. 

The second most important rehabilitation implication suggested by 
the reported research is concerned with affect or emotional development. 
Apparently, parents and the community-at-large play a significant role 
in the development of some aspects of normal affect. We found that deaf 
children can recognize emotional expressions on other faces as well as 
their hearing counterparts. Their difficulty, however, lies in being 
able to interpret emotion-arousing situations and, therefore, reacting 
inappropriately. We felt this was due to the deficit incurred by 
receiving fewer communications from parents or teachers about the salient 
aspects of the situation. Workers and counselors with the deaf should 
make a concentrated effort to point out aspects of situations which 
are emotion-arousing to people. For example, children with normal 
hearing hear phrases like "I get so mad at you when you don*t mind me," 
or "Spilled garbage is awful to clean up," etc. Nfotice that the speaker 
explicitly states what it is about the whole scene that is causing him 
emotion. It appears that such training might help alleviate some of 
the emotional flatness often attributed to the deaf. 
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PREFACE 



This report marks the end on nine years of research in the 
general area of language and cognitive processes in the deaf. 

During this period we have witnessed in ourselves a change in 
viewpoint as to the important consequences of a pre-lingual 
hearing loss. Part of the change can be traced to the recent 
emergence of the area of psycholinguistics and information pro- 
cessing. The rest can be attributed to knowledge gained as a 
result of the experiments and studies carried out under the aus- 
pices of the grants. 

We have been extremely fortunate to have the continued interest, 
cooperation, and support of Lloyd Graunke, Warren Flower, and Delmas 
Young of the Tennessee School for the Deaf. The research would have 
been almost impossible without them. In addition, the superintendent, 
Lloyd Funchess and the principal, Jerome Freeman of the Louisiana 
School for the Deaf have been most hospitable to our visits and the 
Pennsylvania School for the Deaf has also been quite helpful and co- 
operative. It’s not always easy to accommodate a research team in 
the well-planned, tightly-packed schedule of a residential school. 
These administrators and teachers are to be commended for recognizing 
the importance of basic research and allowing us access to their stu- 
dents. I would also like to mention in passing that we were extreme- 
ly impressed with the level of understanding and concern these men 
showed with respect to the problems and needs of the deaf on one hand 
and the issues involved in research with the deaf on the other. For 
control subjects, we always sought the aid of nearby Williamson 
County Schools. Here, Superintendent Milton Lillard, Pearl English, 
and the principals of the schools were always kind enough to accom- 
modate us. 

Part of the success of the project can be attributed to two 
faithful, indispensable, intelligent assistants, Cynthia McIntyre and 
Linda Maggart, who have been with the project since 1966 and 1965 
respectively. They have been primarily responsible for preparation 
of materials, administration of experiments, data tabulation, and 
typing in addition to the hundreds of errands, phone calls, etc. that 
go along with the activities of a vigorous research program. Mrs. 
McIntyre* s contribution was so extensive that she earned co-authorship 
on two articles. Mrs. Jan Robinson joined our staff recently and 
has been quite helpful in the final activities of the granting period. 

Curtis McIntyre joined the project as research associate in 
September of its last year. At least half the studies performed since 
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then have been contributed by him. His approach and views have been 
quite stimulating and have in part, determined the direction of the 
research this last year. 

The project has fostered several graduate students whose future 
work will be directly related to the deaf: 

Dr. Kathryn Rileigh whose dissertation on rhythm perception in 
the deaf is discussed on page 22 has contributed many valuable ideas 
and techniques. A study on the effect on learning of the abstract- 
ness of a word (page 21) was also her contribution. 

Dr. Judith Burroughs, now of Callier Speech and Hearing Center 
in Dallas, was responsible for the project discussed on pages 89-101 
(it was also her dissertation). 

Two honors students have been intimately involved in research: 

Miss Claire Laukhuf and Mrs . Suellyn Boyd have done their honors 
theses on various aspects of some of the problem areas discussed in 
the text. 

A large number of undergraduates have helped: Lucy Long, Betty 

Hagen, Larry Sims, Sandy Bailey, Mary Byassee, Paul Hagen, Sally 
Webber, and Pat Peterman. 

Graduate students who have become involved in one or more of the 
studies include: Macalyne Freeman, Dick Guzman, Ray Wintker and 

Ken Disch. 

Special thanks are due our expert and willing interpreter, 

Pepper Moore. 

The experiments reported have resalted in the publication of 
four articles, with twelve more in various stages of preparation. 

A number of convention papers and informal talks have also been 
a direct result of the research presented here--the informal talks 
are unlisted but the convention papers are listed in the bibliography. 
Many of the studies indicated that the deaf were very similar tc the 
hearing on the independent variable being investigated. This has 
several consequences: (a) it frequently makes the study unpublish- 

able, (b) it gives us a lot of information about the deaf, especially 
when previous investigation of the same problem has detected dif- 
ferences. Furth has said, "If an organism without a certain factor 
fails on a given task, one cannot conclude that the factor is di- 
rectly related to the task s ince other uncontrolled influences may 
be at work. But if he succeeds on a given task, one can infer con- 
clusively that the missing factor is not a prerequisite for the task. 
As a consequence, where deaf subjects are somewhat retarded produces 
a far less conclusive interpretation than where they are equivalent 
/sic 7 " (1971), (c) it speaks well for the techniques and methodology 
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in that one is fairly confident the deaf understood the instruc- 
tions as well as the hearing, (d) it usually has implications 
for the concepts used in generating the research, as in the case 
of acoustical confusion data (page 36 ). 

The investigators consider the project successful, in part, 
because we’ve learned a great deal, and, in part, because we’ve 
had many opportunities to talk to other people about our ideas 
and research. Generally, we’ve found all audiences to be attentive 
and interested, indeed, fascinated as they come in contact for the 
first time with the problems of deafness. An additional reward has 
been the intellectual stimulation resulting from thinking through 
the area of psycholinguistics, and ways in which it can be applied 
to auditory-vocal deficit, and speculating on the cognitive and 
personality effects of deafness. 
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Summary of I* J rulings 



Chapter I . Memory 

X. There is some evidence from our data that the deaf have problems 
with sequencing information where nonverbal forms are involved, but there 
are apparently differences within the deaf population by educationa*. 
program and by age level with regard to sequencing ability. The possible 
relevance of this for the difficulty of the deaf in learning to read needs 

further study. 

2. The deaf do not appear to be qualitatively different or quanti- 
tatively deficient with regard to codability of perceptual information. 

3 The rhythm experiment shows that auditory input is not necessary 
for the development of perception of rhythms; however, different aspects 
of rhythm are more salient at different times in development, e.g. number 
of beats, duration, and pattern of beats are perceived at different points 
in development. The deaf appear to be somewhat delayed in rhythm percep- 
tion but go through all the stages at a level comparable to hearing controls. 

4. The deaf and hearing both depend on visual aspects in verbal span 
of apprehension tasks to the same degree. Auditory and manual-motor 
interference factors do not differentially effect span of apprehension in 
either group. The hearing are effected by articulatory interference but 
not acoustic; the deaf are not confused by either factor. 

5. There is good evidence for distinctive feature learning in deaf 
children. For visual distinctive features the deaf actually perform at a 
level superior to that of hearing controls. 

6. It was found that where visual distinctiveness of the fom is 
low, the deaf are able to recall low distinctiveness forms with high 
pronunciability better than matched hearing subjects, probably due to 
their superior utilization of spelling rules. 

7. In a study of the effect of signability on learning and retention 
of word lists, it was shown that the deaf show superior performance for 
signable words but do not differ from the hearing on words that do not 
have Sign equivalents. This suggests that the use of Sign vocabulary is 
probably helpful to the deaf subjects who Sign in learning and retaining 
verbal materials. An expanded vocabulary of signs would be useful to the 
deaf because more words would be available with response codes. 

8. Factors affecting secondary organization of verbal materials, 
such as homonymic relationships, semantic factors, visual form factors, 
and phonetic factors, tend to facilitate recall performance after learning 
in hearing subjects to a greater extent than in deaf subjects, suggesting 
that secondary organization variables are less available to the deaf and 
for this reason they may do less well in free recall tasks where secondary 
organization factors are involved. 
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9. The study of modality effects was done using hearing subjects 
to determine whether modality effects found by other investigators may 
be due to meaningfulness factors rather than differences in the storage 
systems related to each modality. It was found that meaningfulness does 
not account for reported differences but that different short-term memory 
systems may exist for each modality. y 

Chapter II. Syntax and Semantics 



1. It was discovered that the deaf show a better reading performance 
level (as measured by retention of materials) when the written materials 
are presented in Sign order rather than in English order. 

2 j ? e ? f and Rearing children matched for reading ability can perceive 
the underlying logical relationships in declarative and passive sentences 
to the same degree. We conclude that the deaf can learn to comprehend 
the base structure of simple English without difficulty and that it is 
the subtle grammatical relationships conveyed in more complex syntactic 
constructions which account for any comprehension difficulty. 

3. in a study of word order recall for scrambled and unscrambled 
sentences, it was found that the deaf recalled whole sentences better 
than scrambled ones, as did the hearing, but that the red integrative 
effects of English syntactic organization enables the hearing to retrieve 
phrasal components of the sentence, but do not similarly facilitate the 
retrieval of phrasal components in the deaf. Syntactic rules governing 
phrasal components of sentences are not well learned by the deaf although 
whole sentences are relatively easy for them to retrieve. 

, * 4 * * n a stud y investigating the recall of verbal segments conforming 

to the structure of Sign versus verbal segments conforming to the English 
standard versus scrambled segments, deaf subjects did not show differential 
performance. A follow-up study using a different presentation modality 
showed about the same results. 



5. Programmed instructional materials were constructed over the last 
six years in several pilot studies to train deaf children in the meaning 
oi relational terms, e.g. prepositions, conjunctions, etc. Sample data 
and teachers questionnaire ratings indicated that the learning task is an 
important one, but that our methods need considerable expansion and the 
development of intrinsically motivating materials. 



6. In a study investigating comprehension of sentences made system- 
atically anomalous deaf and hearing subjects showed equivalent performance, 
indicating again the deaf subjects’ adequate comprehension of semantic 
and syntactic relationships in simple sentences. 



7. A study of learning and recall of abstract and concrete words 
was performed to determine whether the presumably greater imagery involved 
an concrete words would facilitate their recall by the deaf to a greater 
degree than by the hearing. Results indicated that on the contrary it is 
abstract words that are more effectively recalled by the deaf, whereas 
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recall of abstract words seem to be relatively impaired in the hearing. 
This may be explained by the theory that abstract words share a larger 
number of learning contexts for the hearing and the larger number of 
possible associations produces greater interference in recall. For the 
deaf abstract words may be, in fact, concrete, in the sense that their 
meanings may be more specifically associated to particular learning 
contexts or images. 

Chapter III. Affective Development 

Some important problems in social communication were revealed in 
studies of judgment of facial expressions and situations leading to the 
various kinds of emotional arousal. While they can discriminate and 
classify facial expressions with skill, the deaf are deficient in the 
ability to identify situations to which the various emotions are appro- 
priate. This suggests that some characteristics of the deaf in inter- 
personal communication, e.g. la ck of appropriate emotional empathic 
response, may be due to a lack of training in identification of the 
conditions which lead to emotional arousal in others. Since this training 
is informal in the hearing child, it should probably be more extensively 
studied in both deaf and hearing. 




INTRODUCTION 



Background Information on the Project and 
Statement of the Problem 

Grant number RD-2552, Symbolic and Linguistic Processes in 
the Deaf is the third three-year project designed to investigate 
cognitive , symbolic processes in the deaf. The first project, 

RD-846p ( Language Habits » Cognitive Functions and Self -attitudes 
in the Deaf) began as an interest in personality characteristics 
and attitudes in the deaf and proceeded to study language behavior, 
especially the problem of meaning. The project revealed a number 
of important practical and theoretical issues in areas of concept 
formation and meaning, especially in social-emotional areas, and 
questions regarding training in the generative features of language. 

The second project, Psycholinguistic Processes in the Deaf 
(RD-1479-s), turned, almost entirely, to problems of language 
learning by the deaf. The research was concerned with three areas: 

(a) the importance of phonological components in language learning 
and the extent to which they might be replaced by visual cues, 

(b) the acquisition of reference and semantic systems, and (c) the 
use of the syntactic aspects of language by the deaf. With respect 
to the first two items, the phonological and semantic factors in 
language, we found that the deaf have little problem in storing and 
retrieving single words even though they couldn’t use the phono- 
logical cues. Also they seem to have little trouble learning the 
appropriate meanings for individual content words, with the possible 
exception of evaluational or emotional words. On the third topic, 
the use of syntax, we found that, although on a word-for-word basis, 
it’s difficult to distinguish experimentally deaf and hearing subjects, 
the deaf seemingly benefit very little from the organizational aspects 
of English. 

These investigations raised a number of questions. Namely: 

What is the role of vocal (phonological) factors in acquiring 
a language? In what ways does sign language resemble an auditory- 
vocal language? How is it different? Are the differences critical? 

Can English be taught to the deaf visually? Can it be taught 
as a second language? What is there about English that is so dif- 
ficult for deaf students to learn? 

How are cognitive processes affected by not being able to hear? 

If the deaf are inferior on tests of cognitive abilities, is it due 
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to lack of hearing (as an information source) or lack of an auditory- 
vocal language? How would the hearing/language deficit work to 
produce such effects? Would such effects be general or in selective 
areas of cognitive functioning? 

How do the deaf compensate, if they do, for the absence of 
verbal memory? Is their visual memory capacity enhanced? 

The project included in this report does not pretend to answer 
all the questions listed above, but there were experiments or projects 
related to each one. The report is divided into three sections: the 

first relates the results of many studies which are primarily on the 
relationship between language and perception and language and cog- 
nition and which use memory as the vehicle of experimentation. The 
second chapter is devoted to the results of some psycholinguistic 
studies. The third section is a report of a series of interrelated 
studies investigating the causes behind the emotional or affective im- 
maturity purportedly displayed by a significant segment of deaf persons. 

In almost all cases, the studies are experimental in nature. 

They were intended as attempts to discover the psychological implica- 
tions of deafness — with an emphasis on the perceptual-cognitive 
manifestations . 

The majority stem from theoretical orientations which, when con- 
sidered in terms of a handicap like deafness, characterize and probe 
into the problem in unique and productive ways. The theories under- 
lying each set of investigations will be discussed at the beginning 
of the chapters. 

The tone and approach inherent in the research reported here 
represent an attitude on the part of the investigators that a great 
deal of basic research is essential and prior to concentrated attempts 
to alleviate the undesirable intellectual and social consequences of 
being deaf. Much of the research, then, asks the general question 
tt What*s it like to be deaf?” 




CHAPTER I 



MEMORY AND COGNITIVE PROCESSES 
A . Visual Memory 



Our studies of verbal memory in the deaf suggested that they 
possess very good storage and retention ability for visual forms. 

At the same time, considerable evidence exists which suggests that 
deaf persons may have more difficulty with storage of information 
regarding sequential order. In 1966, we began to do studies of this 
problem with specially developed equipment. Some of our results with 
this pilot equipment were reported in the final report on RD-1479-S. 

sycholinguistic Processes in the Deaf . New equipment was developed 
during the first two years of the current project, and a number of 
investigations have been completed, which had the primary purpose of 
standardizing method and acquiring normative data on hearing subjects. 
Since the equipment cannot, in its present form, be transported to 
the schools for the deaf, we have done one pilot study on deaf chil- 
dren at the university, and report that here along with an extensive 
parametric investigation which was reported at the 1969 convention 
of the American Psychological Association. A preliminary form of 
this equipment was used in a study of deaf adults which was reported 
in Psycholinguistic Processes in the Deaf. Since instruction and re- 
porting methods were difficult to equate between deaf and hearing 
we have developed the new equipment to deal with these problems. ’ 

Two master’s theses and one doctoral dissertation have been under- 
taken with the new equipment. The previous equipment produced one 
doctoral dissertation and one master’s thesis. The first study re- 
ported here is the parametric one which yielded considerable data to 
support our contention that non-verbal stimuli, occurring in serial 
order, are stored and retrieved in much the same manner as verb al 
ones, at least with hearing subjects. Without such information, of 
course, the serial memory processes in the deaf would be uninterpretable. 

1. Serial Recall of Visually Presented Nonverbal Stimuli as a Function 
of Presentation Method, Set Numerosity, and Sequence Length.* 

Research in short term memory (STM) recently has moved toward a 
more intensive study of the perceptual and cognitive aspects of the 
stimulus materials employed. The present paper describes an approach 

to STM research which examines the variance associated with several 
such factors. 

With verbal materials — letters, numbers, syllables, or words 

we can study recall, since the subject can retrieve and report the 
material in storage. With nonverbal materials we are usually limited 
to studies of recognition, since the subject can report only labels 
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or descriptive statements. The semantic processes are then confound- 
ed with the mnemic ones. Much of our knowledge of memory and most 
of our knowledge of recall is, therefore, knowledge of rec all of lin- 
guistic materials and symbols. When we began our studies of psycho- 
linguistic processes in the deaf, these questions of relationships 
between language and memory arose, and we attempted to develop a non- 
language method for the study of recall. 

Equipment designed for this purpose, called the Vanderbilt 
Iconic Memory Apparatus (VICON), consists of a display panel which 
presents . the subject a diamond-shaped array of 100 1 in. translucent 
discs which can be illuminated by solid state switching equipment 
simultaneously or serially at programmable time intervals. The sub- 
ject perceives a series of simple visual events, the location of an 
illuminated disc in a matrix of such discs. He can be asked to re- 
trieve either location or both location and serial order, responding 
by touching the discs with a probe which operates a tape punch and 
records the location touched. Matrix numerosity can be varied be- 
tween experiments by masking a portion of the face, thus fixing the 
set numerosity within which the events may occur. 

_ n a recognition experiment, the subject may be shown a sequence 
of lights presented serially, and shown a repetition of the same 
sequence in the same or in different order with one or more locations 
changed. The task is then to identify either old or new material. 

In a recall task, the subject may be required to report from memory 
the locations previously displayed either in the order of their occur- 
rence or in free order. 



The study reported here was designed to examine some of the para- 
meters of STM as measured by this method, in order to learn something 
of its reliability. Of particular interest were three stimulus pre- 
sentation methods which varied rehearsal opportunities and the type 
of stimulus attributes employed in the retrieval task. Two sequence 
lengths and three stimulus-set sizes also were examined. 

METHOD 

Randomly selected sequences of lights were presented. Each 
light in a sequence lasted for 3/4 sec.; after a 1/4 sec. interval, 
the next stimulus appeared. At the end of each sequence the subject, 
responding with the wand, attempted to recall the lights in the order 
of their appearance. 



The factors examined were Presentation Method (PM) -I, II, and 
III; Set Numerosity (SN)-25- ,49- , and 100-light matrices; Sequence 
Length (SL)-7 and 10 lights; Serial Position (SP); and Subjects. 



pn PMI the stimulus sequences consisted of consecutively pre- 
sented individual lights; the subject recalled both the location and 
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t;he order of presentation. PM XI was identical to PM X except that 
all lights that had bean used individually in the sequence presenta- 
tion also appeared simultaneously during the recall period: the sub- 
ject had to recall only their order of presentation. In PM III a 
cumulative or "build-up” presentation was used, with each presenta- 
tion of a new light occurring concurrently with the re-presentation 
of all previously presented lights in the sequence; the subject had 
to recall both the position and order of the lights. This PM was 
designed to facilitate rehearsal of previously presented items 
during presentation of subsequent items. 

Procedure 



Subjects were seven adult females. The same materials were 
used for each subject and presented in the same order. The 7- and 
then the 10-light sequence lengths were used in the same manner. 

The same procedure was repeated with the 49- and 100-light sets 
One series of 24 sequences was displayed for each of the 18 combina- 

trial sequences were given to familiarize 
the subject with the conditions for each change of task. 

RESULTS AND DISCUSSION 

The major results of the experiment are presented in Figures 
’ > S» Two 3-factor analyses of variance were performed on 

the total number of correct responses per serial position, one for 

the two sequence lengths. The data for the 10-light sequences 

Sf, 1 ^ a i r S ^ niflC S nt r f sults for SN > PM x SN, SN X SP, and the three- 
" y ^ teraCtl 2?- For the 7-ll £ ht sequence length, only SN X SP proved 
to be insignificant. All other factors and interactions were sig- 

t* th ® *°J le Y el or beyond. Figure 1, 2, and 3 indicate 
the direction of the significant interactions. 

1 . shows that for the 7-light sequences, as set numerosity 
increases, the mean number of correct responses for PM I decreases 
markedly. Such a decrease indicates that when the retrieval task 
requires the retention of both serial order and stimulus identity 
information, retaining the location of an individual light stimulus 
becomes more difficult. PM II results in an increase in the number 

^f rt f 2 rr ^S t 4 - reS ?°^ Se ? as set nume **osity increases . TFTis seems to in- 
dicate that: (a) when retrieval operations do not demand the reten- 

tion of location information, storage demands can be reduced by re- 
taining only the sequential aspects of the stimuli, and that (b) 
interitem interference is reduced because as set numerosity increases 
so does the average distance between locations illuminated, resulting 
^^• lnC f eas ? ln their specificity. PM III makes allowance for 9 
additional rehearsal by the accumulative manner in which the stimuli 

^^SJ U f 1 ?/ equence ,? x ^ sentation * Scoring the response data 
as ordered and free recall indicates that PM III aids the retrieval 

o lg t location but results in considerable loss of order information. 
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Figure 1. Mean percentage of correct responses as a function of 
presentation method (PM), and sequence length (SL), for 25 light sets. 
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n0d (PM) > and sequence length (SL), for 49 light sets 
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SERIAL POSITION 



Figure 3. Mean percentage of correct responses as a function of 
presentation method (PM), and sequence length (SL), for 100’ light sets, 
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TABLE 1 

Mean Number of Correct Responses Summed Over 
Serial Positions for Three Presentation 
Methods (PM) and Two Sequence Lengths (SL) 



SN 




SL = 7 




SL = 10 


25 


49 


100 


25 


49 


100 


PM I 


13.0 


10.0 


5.0 


5.7 


4.5 


3.1 


PM II 


14.8 


16.4 


16.5 


7.7 


7.9 


8.0 


PM III 


12.2 


12.5 


8.8 


5.6 


4.9 


5.0 



The generalizations made about PM I and II for the 7-light 
sequences also hold for the 10-light sequences. The principle 
difference produced by PM III is that for the 7-light sequences in- 
creasing set numerosity produces a greater decline in the mean num- 
ber of correct responses when compared to the relatively stable 
performance level for the 10-light sequence data. 

2. A Missing Scan Study of Perceptual Memory in Children and Adults. 

An experiment was designed to measure immediate visual short- 
term memory without requiring complete retrieval following a method 
developed for measuring memory for digits by Buschke (1963). 

The independent variables involved here are the different conditions 
within the test, i.e., which light failed to appear in a specific 
row. The dependent variable was the subjects response as to which 
light he thought failed to appear. 

METHOD 



Subjects 

A total of twenty subjects were used. The subjects were divided 
into two main categories. One group ranged from 8 to 13 years of age 
with an average age of 10 years. All were attending grade school. 
This group consisted chiefly of children belonging to members of 
the faculty and staff of the Psychology Department of Vanderbilt 
University. The other group consisted of both male and female stu- 
dents (average age 20 '’ears) at Vanderbilt who were selected by the 
experimenters. In both cases, the subjects knew nothing about the 
nature of the experiment before hand. 
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Stimuli 



The stimuli consisted of lights on the 10 X 10 light matrix disDlav 
panel. A cardboard covering was positioned in front of the boaid P V 

to inSLate^is pr0Vided for the object 

Two different 8-channel control punch tapes were used. The two 

trS!s W6 bu t 1 f^ 1 ^ H in i en9 ^’ i - 6 -’ 88 triSs > inking Tm pie 

trials but each had different sequences of light stimuli. 

Procedure 



f u ^ ec 5 was positioned in a desk approximately two feet from 
f t , he 1 He was told that the lights in a particular row 

would flash on and off alternately until all but one of the licrhts 
in the row had flashed. A buzzer would then sound, at which time 
he was to indicate which light had not flashed by pointing to that 
light with the wand. The subject was given four practice trials and 

^ understood the instructions. He was Sen told S 
h £v res P°nse for the remaining trials. The particular row 
(an<3 thus the number of lights) in which the lights happened to acP 

trlal WaS / n random order - ®> e experimenter recorded 
the subject's response for each trial. 



RESULTS 



in .f= 9Ur ? J 4 S !*?' S the results for the twe groups of subjects. For 
10 year olds, the error rates are a constantly increasing function 
of sequence length, the curve deviating only slightly from a straight 
line function. For adults, the curve is positively accelerat!d! with 
an Point between the six and eight light sequences which 

Miller (1956) e ° tS 016 in human immediate memory span noted by 



The regularity of our data with young subjects is 
and indicates that the method may be very useful with 
nonverbal subjects. 



impressive, 
young or 
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3. 



Performance of a Group of Deaf Children on Sequential Recall 



oy 



r >*' 



®^ u «^ e ^ 8 ^r 1 S^ e S h ^e“S^ar S le^ , 1fa^r^ 

substantial 2^'^ e ? f - fiVe liffhts ? n the Vio °" would Produce 
of deaf children between 1 ? ive^d^en^ears ’ 0 ?*£ lng the °°mpari 
investigation. It was expected that this dn appropria 1 

cation of any develoDmentai w ^r>Hc+. . t ^ lis ^ght give us some inda 

in cognitive tasks with deaf r•h^*^H•na 10n, sort commonly found 

of tte Sren ^uld te WdS assumed th ^ *»» 
dential school? PP10r to their entrance into a resi 



METHOD 

Subjects 



Twenty-one deaf children between the aaes nf fi.** 
tested, these beino the ent-i-no n rt n„i a ^‘ d f es of flve an d nine -.nv 
son County, with the exeent-inn 5* P lS atl0n . 0 ? such chiidren in Dav -id 
other perceptual-motor disabilitie? 1 ? 86 Wl ?\ brain damage and/or 
were W 5-year old? fto JL”*?* 1 ^ tardati °"- There 

year olds, a^ ?h£e ££!* olds > four 8 - 

Davidson County Schools L ? 5 bhe ohlldren were in the 

Deaf. y » ei ^ ht in the Tennessee School for the 



Procedure 



use of the wand^was^emonstrated^ ° f _ ^ he . dlspla y board, and the 

S-KSS 

RESULTS 

differences # between «— were marked 

school and those from the°nnhiio°? children from the residential 

in Figure S by school as w^L^as b? h ??e S ' T^ e m ^l ar v thu ? shown 
responses is shown on the nwHnafo^ f a * mean number of correct 

rect by serial l^iSoS Flgur ® f 3hows mea n number con- 

ference by resid??ti?l sl^l ^l^ seen, there is a marked dif- 

age for the non-re?identi?i ^roup Th?°d^ U S ^ ro Y ement with 
for non-residential represents an u J« 14 Ik? P t -^ he nlne -year level 

there is no AffgiSS S^.YSSTS 



Mean STM Score Number Correct 
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Non-res idential deaf 

Residential deaf 
All deaf 



. . Fig* 5. Mean Score by Age (numbers in parer itheses 

indicate number of children represented by that point). 





Serial Position 

Fig. 6. Mean Score by Serial Position 
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increase in performance for residential deaf children at serial 
position three is an anomalous effect, since it is inconsistent 
with the universal observation that middle serial positions are 
less accurately recalled, as can be observed in the curve for 
the non-res idential subjects. 

An examination of the scatter-plot for memory score by Visual- 
Motor Perceptual Age (Bender Gestalt) indicates no significant 
relationship. While the two oldest non-res idential children had 
the highest Bender and memory scores, no such relationship obtains 
for the other 19 subjects. 

The performance of the residential deaf children remains to 
be accounted for. It is possible that a specific response set oc- 
curred, or that, attentional factors interfere with the storage of 
the first two items, so that storage begins, in effect, with item 
three. The data are not reliable enough for exact statistical 
estimates of such factors as tendency to report in free order, and 
these remain for further study. 

Although these data represent pilot study of the problem, we 
are very pleased with the potentialities implicit in our method. 
Further studies are designed which will use a range of sequences 
from three to five items in length using both serial and free 
recall. Normative studies of hearing children are planned for the 
coming year also. 

4. The inability of deaf children to process sequentially 
presented visual information has been demonstrated in several 
studies (Withrow, 1968; Hiskey, 1956; Blair, 1957). The ration- 
ale behind these findings has been the hypothesized reduced 
ability of the visual system to organize perceptions in time (or 
the reduced ability of a central organizing system to organize 
time-dependent visual input). If, however, man recodes some 
visual information (as, for example, when he reads) into an audi- 
tory/articulatory code, perhaps recodability of material is the 
important variable rather than the presence of an auditory system. 

The deaf and hearing subjects used in the studies above could 
easily have differed in the availability of coded names for the 
stimuli used. A second point is that it’s rather difficult to 
separate simultaneously and successively presented visual informa- 
tion since, if a simultaneously presented display is complex at all, 
the subject will scan its components — successively — in time. Then, 
the word ’Simultaneously” refers to the way the projector displays 
the stimulus, and not necessarily the way the subject perceives "it.” 
It seemed appropriate to do a study similar to Withrow’s as the ini- 
tial step in investigating the variable of stimulus codability as 
it applies to the deaf and their ability to remember sequences of 
visual information. Withrow’s study accomplished this to some de- 
gree; he used three kinds of stimuli, familiar silhouettes, familiar 
geometric forms, and random geometric forms. It’s doubtful, however, 
that the familiar silhouettes were familiar at all. They were 
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developed in 1931 and represent some items that have changed 
silhouettes in the last 40 years. The familiar geometric forms 
were indeed familiar, but varied, themselves, in their codability 
and would tend to be more codable to students who had some ad- 
vanced arithmetic than those who had not, e.g. , pentagon hexagon. 

METHOD 

Materials 

Ten sets of five items each were constructed so that each set 
contained different types of material . Table 2 gives the names of 
the sets and some description of their content. 

TABLE 2 

Sets of Stimuli and Their Composition 



Stimuli 

t* 


Codability 


a Content 


1 . Real paisley 


6.63 


A piece of paisley fabric was 
cut into five pieces so that no 
one piece was identical in pat- 
tern to any other 


2. Simple designs 


7.21 


Five similar but discriminable 
designs were drawn in black ink 


3. Complex designs 


6.19 


Similar complicated designs were 
drawn in black ink 


4. Plaid pictures 


5.48 


Actual photos of five different 
patterns of plaids 


5 . Paisley pictures 


5.60 


Actual photos of five different 
paisley-like patterns 


6 . Colors 


2.18 


Five squares — each a different 
color— brown, orange, yellow, 
blue, and green 


7 . Letters 


2.07 


Consonant letters— N, W, S, K, F 


8 . Numbers 


2.26 


9, 8, 7, 1, 0 
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TABLE 2— continued 



Stimuli 



Codability* 



Content 



9. Objects 2.24 Line drawings of five common 

objects— bird, key, car, 
flower, and cup 

10. Forms 2.06 Five simple forms- -heart, 

square, circle, arrow, and 
triangle 



rl * 

indicates mean no. words per item 

All items were scaled for codability by 20 hearing s ub jects 
who were not in the main experiment. They ranged in age from 11 to 
40. The task involved showing an individual an item and having him 
describe it. . The experimenter noted the number of words that the 
subject required to describe the item and that became the measure 
of codability. Such a measure had been used by Brown and Lenneberg 
(1954). The average (per subject and item) number of words used 
to describe the items in each set are shown beside each type of 
set in Table 2. Hhe result of the codability assessment reflects 
the experimenter’s intuition: the sets of materials could easily 

be divided into two degrees of codability with sets one through five 
low in codability and sets six through ten high in codability. 

Design 

The five items in a set were shown to the subject in a pre- 
determined order either laid out in a row (simultaneous) or one-at- 
a-time flash-card style (successive). Each set was a simultaneous 
problem twice and a successive problem twice for each subject. The 
subject’s task was to look at the set and try to reproduce the order 
of items. 

Procedure 



Subjects participated in the experiment individually. They were 
seated across the table from the experimenter. Between the experi- 
menter and the subject was a rectangular wooden frame mounted so 
that it sat perpendicular on the table. Attached to the top was a 
window shade which could be polled down to hide from the subject the 
section of the table closest to the experimenter. The experiment 
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would, in the case of a simultaneous problem, lay out the five 
items side-by-side behind the closed window shade, open the 
shade so that the subject could view the cards for 8 sec.; close 
the shade and hand the subject an identical set of five items for 
him to arrange in a row like the experimenters. In the case of 
a successive problem, the experimenter held up facing the subject 
the five items arranged in a stack (covered by a blank card which 
said "Ready”) and put each one face down on the table at the rate 
of 11/2 sec. each. The subjects instructions when handed this 
sst (shuffled) were to nieke & steck in which the pictures were in 
the same order as the experimenters. The 20 successive cid 20 
simultaneous problems were presented in a random order that was 
different for each subject within a group. Some practice problems 
(a minimum of two of each kind) were given the subjects before the 
experimental problems. There was one practice set comprised of 
four actual playing cards— king, queen, jack, and ace of clubs. 
Subjects were given practice problems until they were successful 
in following the instructions. (The intent was to make sure the 
subjects understood the procedures, therefore, no record was kept 
of performance on the practice problems.) 

Subjects 

nn <? eaf sub 3 ects were obtained from two residential schools. 

17 “ ac * 2Q scores above 80 and were prelingually and severely 
aeaf. The 17 hearing subjects were from a rural elementary school. 
The mean age of the deaf subjects was 13.4; the hearing subjects, 
10.6. There were nine girls and eight boys in both groups. 

RESULTS 



The order of the sequences of pictures reproduced by the subject 
was recorded for each problem. !0ie data reported here refers only to 

ye k • , wI ? ole sec l uences reproduced. A 2 (deaf, hearing) 

X 2 ( codab llity) X 2 (sun. , sue.) X 17 analysis of variance was per- 
formed on this measure. The means are shown in Table 3. 



The analysis of variance revealed two significant main effects. 
Simultaneous patterns were remembered better by both deaf and hearing 
subjects than successive patterns /HF(1,32) =10.71, p < .01 7 . High 
codable sequences were remembered more frequently than low coclable 
sequences by both deaf and hearing subjects /HP( 1 , 32 ) = 139.82, p < .001 7. 
The performance of the deaf and hearing subjects did not differ “ ~ 

/n?(l,32) = 2.65, £ < .20 7 , nor was there a significant interaction 
between hearing status ancT codability or the simultaneous-successive 
variable . 



The unexpected lack of interactions prompted a closer examina- 
tion of the individual problem types. Although none of the problems 
duplicated Withrow* s, some could be considered approximately the same 
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TABLE 3 

Mean Number of High Codable and Low Codable Simultaneous 
and Successive Problems Correctly Recalled by 
Deaf and Hearing Subjects 





High C< 
Simultaneous 


xiable 

Successive 


Low codabie 

Simultaneous Successive 


Deaf 


3.8 


2.8 


1.8 1.3 


Hearing 


4.0 


3.8 


2.0 



type of items. Our "form" set was similar to his familiar silhouette 
and familiar geometric forms and our black lined simple design set 
was similar to his random forms. The figure showing our deaf and 

below 115 Sub ^ ectS on the form and sim P le design problem sets appears 



It is obvious from the figure that, at least on these kinds of 
materials, there was an interaction between simultaneous/successive 
presentation order and hearing status. This finding suggests that 
Withrow's results may be specific to the kinds of materials used 
t “ e Such a conclusion would be difficult to explain unless 

the following assumptions are made: (a) verbalizing or labeling 

enhances memory for items sequentially presented but not necessarily 
items simultaneously presented . This is a reasonable assumption be- 
cause an item in a simultaneous sequence has a larger num- 
ber of contextual cues, (b) differential availability of names 

exists in deaf and hearing subjects with the former having 
the disadvantage (vocabulary differences), (c) the materials used 
by Withrow and some we used were borderline codable in that they 
weren't so common that everyone could name every item instantaneously 
yet *,5 h 2 y did resemble something that had a name which the subject 
could derive. If the material was potentially codable, then a popu- 
lation like the deaf, who, perhaps are less verbally agile, would be 
less likeiy to label the items and be less able to remember them. 

X Z ni th ® ltems are almost uncodable like the plaids, then everyone 
should perform the same because availability of labels would not be 
a factor. 



Another source of difference in Withrow's study and ours was 
the choice of control subjects. His deaf and hearing subjects were 
matched on age by pairs. Ours were matched on reading achievement, 
which meant the deaf subjects were about three years older than the 




* v 



Mean No. Correct Mean No. Correct 

(max. = 1) (max. = 1) 
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Hearing Deaf 

Forms 




Hearing Deaf 

Black and White Simple Designs 



Fig. 8. Mean No. Correct Responses on the Two 
types of Simultaneous and Successive Problems. 
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hearing subjects. It is interesting to speculate on the finding 
that reading skill is correlated with ability to remember se- 
quentially presented visual material. Perhaps the phenomenon is 
a habit rather than an ability and that extensive training and 

0n skill, i.e. , reading, make one better at related 
problems . . It’s inevitable that hearing children should learn to 
read earlier than the deaf because they "know" the language before 
they start. With respect to this study, then, we may have matched 

for the very variable we expected the deaf and hearing to be dif- 
ferent on. 



Hirsh (1967) has stated that auditory perception, unlike 
visuai, is very related to time-dependent phenomena in that the 
referents for auditory perception are events whose qualities de- 
pend upon what it is that changes (in time). Conversely, the 
accurate perception of time probably depends upon the use of a 
sense which can detect temporal changes rapidly, namely the sense 
of hearing. Hirsh suggested that learning about time through the 
use of the ears is important in being able to make estimations of 
duration. Guyua (1902* Hirsh (1952), and Hirsh, Bilger, and 
Deatherage (1956) maintained that audition is the primary mode 
t rough which we perceive time. In the latter study, noise was 
found to influence subjects’ estimates of the duration of a tone 
or light while visual distractors had no effect on estimation. 
Hirsh and Sherrick (1961) found that in judging whether stimuli 
were presented simultaneously or successively (the first stage in 
temporal resolution), the auditory sense was the most rapid of 
the senses. The tactual sense was, in turn, more rapid than the 
visual. This finding offers further support for a connection be- 
tween hearing and perception of time. 

* 



While time has been acknowledged widely as the important dimen- 
sion m auditory perception, Hirsh (1967) maintained that it has 
still another somewhat different role in ordering events in language. 
The perception of acoustic events in long temporal patterns (such 
as speech) depends not only on discrimination of those events but 
also on the listener’s knowledge of a complex structure that deter- 
mines which sequences are orderly and which are not 



Several authors have implicated systems other than the auditory 
one in the perception of time. From the results of their study,. 
Hirsh and Sherrick (1961), characterize the time-perceptive system 
as "...some kind of time -organizing system that is both independent 
of and central to the sensory mechanisms." Fraisse, in his review 
of the thinking concerning time (1963), has mentioned several pos- 
sible mediating systems for time perception. One of these, having 
application to temporal order , involves a sort of visual imagery 
(Guyua, 1902): "...any change which is registered in our conscious- 

ness leaves there, as a residue, a series of images arranged in a 
sort of line in which all distant images tend to become obliterated 
to leave room for other more distinctive images." Another possible 
mediator of temporal order that has received some attention is the 
notion of a "temporal sign." Purporteuly, alternating sensations 
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of tension and relaxation may impose a sign on successive sensations 
and make it possible to give them an order. Regarding the perception 
of temporal duration , on the other hand, "vocal imagery 11 has been 
thought to act as a scale against which to measure stimulus duration 
as well as order. This notion suggests that we accompany any series 
of perceived stimuli by speech sounds (either subvocal or overt) 
w hich we produce. In this way it is possible to keep track of the 
order of stimuli and the duration of filled and empty intervals. 

. Rhythm Perception as a Special Case of Time Percepti on. Within 
“j® topic ot time perception, rhythm has been' treated as a special case 
of the more general phenomenon (Fraser, 1966). The perceptual and 
cognitive mechanisms underlying time and rhythm perception have been 
the focus of several studies (Gault & Goodfellow, 1938; Fairbanks, 

1955; Karlovich & Graham, 1966, 1968). The evidence presented by 
these . investigations indicates that the auditory sense has a critic al 
function in time and rhythm perception. 

Several authors have noted similarities between the task of rhythm 
perception and the mechanisms for encoding spoken and written language 
(Martin, 1969; Eisler, 1968; Birch & Belmont, 1964, 1965; and Rosen- 
busch & Gardner, 1968). The relationship among the antecedent facul- 
ties and these various processes might take the form suggested in 
Figure 9. 




I I I I 




L I 



Fig. 9. Anatomy of a rhythm. 



This model postulates a number of mechanisms which contribute 
to the "time sense." These factors are not to be considered the neces- 
sary and sufficient determiners of a time system but, rather, as con- 
tributors to some extent. The most notable of these factors in the 
pre-existing literature has been audition. The major issue of the 
research studies to be described below is to determine whether hearing 
enjoys an exclusive position as the antecedent to rhythm perception. 

The studies will address themselves to the question of whether in 
the absence of hearing, a normal time -organizing system develops. 



Rhythm Perception by Deaf Subjects . In order to assess the im- 
portance or the auditory sense in the perception of rhythms, a study 
involving deaf subjects would seem to be appropriate. The extent to 
which one»s concept of time (or rhythm) affects his perceptions is 




- ^ 




23 



not known. However, in the case of the deaf, it appears that any 
deficiencies in their conceptualizations are caused by a diffi- 
culty in applying the verbal labels for concepts, not in the 
actual abstraction process (Rileigh, 1969). For example, studies 
of conceptual ability by Rosenstein (1960, 1961) which have mini- 
mized linguistic requirements have demonstrated that deaf and 
hearing subjects performed equally well. If the implication of 
these studies is correct, then in a non-verbal perceptual task 
differences obtained between deaf and hearing subjects may be 
assumed to be attributable to perceptual, rather than conceptual, 
factors . 

One such study designed to be a pure test of perceptual skills 
has been completed by Sterritt, Camp and Lipman (1966). They used 
the rhythm reproduction method with hard-of-hearing and normal-hear- 
ing subjects of various ages (three through seven years). The 
rhythms were presented in both visual and supra-threshold auditory 
modes. The results indicated that the hard-of-hearing subjects 
performed less well than the normal -hearing subjects in both modes, 
and that simple patterns were reproduced more accurately than com- 
plex ones. If this study involved only perceptual skills, it could 
be concluded that the hard-of-hearing subjects were less proficient 
in this regard. However, the technique used in this study seems 
to have placed more emphasis on the cognitive than on the perceptual 
aspects of the process. It is entirely possible that the task could 
be successfully solved by cognitive means. To say that this repre- 
sents a legimitate comparison of the perceptual abilities of subjects 
with deficient and normal hearing seems inaccurate. 

The following two research studies attempted to investigate the 
relationship between hearing status and rhythm perception and to as- 
certain if the deaf are able to compensate for their hearing loss in 
various types of tasks. 

Experiment I 



METHOD 



Subjects 



A total of 72 subjects participated in this study. Twenty- 
four subjects comprised each of three groups: Deaf, Hearing I, and 

Hearing II, An equal number of males and females were selected and 
they represented two age groups: (a) ten-year-olds, who typically 

have some notion of durations and succession of events and (b) 
fifteen-year-olds, who usually have acquired a mature concept of 
time (Bradley, 1947). 

The subjects comprising the deaf group were students with a 
profound (80 dB or more in the best ear) prelingual (onset before 
age two) hearing loss from the Louisiana School for the Deaf in 
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Baton Rouge, Louisiana. The mean ages of the two groups were 
10-10 and 15—11. 

The subjects in the Hearing I group were students with 
normal hearing ability. Subjects in the Hearing II group also 
possessed normal hearing, but their listening ability was ex- 
perimentally impaired by the presentation of white noise through 
earphones. The subjects in both Hearing I and Hearing II groups 
were students from Williamson County, Tennessee public schools; 
their mean age were 10-4 and 15-8 for the two age groups. 

All students selected for participation showed IQ’s of at 
least 80. The majority of the normal-hearing subjects had been 
evaluated by either the Lorge-Thorndike Intelligence Tests or the 
Otis -Lennon Mental Ability Test. The deaf subjects for whom IQ 
scores were available had been evaluated on the Chicago Non-Verbal 
Examination. 

Design 

The experiment had a factorial design of the form: 3X2X2 

X 3 X 3 X 5. There were three between-subjects factors (hearing 
status, age and sex) and three within-subjects factors (total length 
of the rhythm pattern, number of beats, and trials). There were 
six subjects in each of the twelve cells of the study. 

Stimulus patterns 

Rhythm patterns were presented to the subjects visually by means 
of 16 mm. movie film. The film was shot using a Bolex movie camera 
(25 mm. lens, f stop = 4) and Kodak Tri-X Reversal film. Single frame 
pictures were filmed of a black dot centered on white poster board. 

The time corresponding to a rhythm pattern can be conceptually divided 
into 1/16 sec. units, each of which corresponds to one frame of the 
movie film. The duration of the black dot over all occurrences remained 
constant at four frames (1/4 sec.). A presentation of the dot for 
this length of time defines one beat of the rhythm. The minimum inter- 
val of plain white stimulus between any two beats was six frames (3/8 
sec.). The white stimulus prior to the pattern served as a ” ready” 
signal for the subject. The white display after the pattern acted 
as an aid to adaptation of the subject’s eyes. The solid black display 
was the period during which the subject reproduced the rhythm pattern. 

Nine types of rhythm patterns were represented on the film: 

A = 5 sec . , 3 beats 
B = 10 sec., 7 beats 
C = 10 sec., 3 beats 
D = 5 sec., 7 beats 
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E = 5 sec., 5 beats 
F = 10 sec., 5 beats 

G - 10 sec., 5 beats (matched for rhythm pattern with E) 

H = 10 sec. , 7 beats (matched with D) 

I = 10 sec., 3 beats (matched with A) 

The 10 sec. matched group of patterns was included in order to 
avoid confounding pattern length with the actual rhythm pattern. 
Each subject received five different patterns of each type in a 
random arrangement. 

Apparatus for stimulus presentation 

The film was presented on a Traid Selecta-Frame movie pro- 
jector at a speed of 16 frames per sec. The subject sat at a 
table with his head resting in a chin support and facing a plexi- 
glass screen on which the projected image appeared. All subjects 
wore headphones throughout the study; subjects in the Hearing II 
group received white noise through the headset during both presen- 
tation and reproduction of the rhythm patterns. 

Apparatus for stimulus reproduction 

Subjects reproduced each rhythm pattern after having seen it 
projected. A telegraph key was connected by means of a battery 
to a Texas Instruments event recorder. As the key was pressed 

a record appeared on the paper tape corresponding to the subjects 
responses . 

Procedure 



The subject was seated at a table with his chin in a chin rest 
looking at a rear projection screen. He was given written instruc- 
tions (in addition, deaf subjects received instructions by finger- 
spelling). in order to partially prevent the subject from forming 
tactual representations of the rhythm patterns, his arms were made 
to rest on the table with his hands hanging off the edge of the 
table and he was asked not to move them during the film presentation. 
The subject was given 10 practice trials (on patterns not included 
m the regular set) to ascertain that he understood the instructions. 



When the subject had adequately completed the practice trials 
he was shown the rhythm patterns one at a time and asked to reproduce 
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them on the telegraph key. Each subject received 45 trials with 
several rest periods interspersed. The total time per subject in 
the experiment averaged approximately 40 min. 

Following the data collection, the subject was requested to 
complete a questionnaire in which he was asked for a statement re- 
garding his strategy in getting the rhythms correct. 

RESULTS 

The results are reported in three sections according to three 
dependent measures— number of beats reproduced, duration of repro- 
duction, and rhythm reproduction accuracy. In many cases, complex 
interactions were significant but these are not reported here. For 
more detailed reports of results, the reader is referred to Rileigh 
(1970 ). 

Number of Beats 



The data consisted of an accounting for each subject of his 
success in producing the same number of beats as the standard rhythm 
patterns presented to him. The 45 patterns of interest were scored 
dichotically (correct = lj incorrect = 0). These observations were 
submitted to a 3 (hearing status) X 2 (age) X 2 (sex) X 3 (pattern 
duration) X 3 (number of beats) X 5 (trial blocks) general balanced 
design analysis of variance (Winer, 1962). 

_ The analysis of variance revealed a significant age main effect 
/ F = 5.88, £ < .05_7. The fifteen-year-olds obtained a higher pro- 
portion of correct responses than the ten-year-olds. 

In addition, a significant main effect was obtained with respect 
to the number of beats in the pattern /”F =39.52, p < .001 7 * Multiple 
£-tests (Hays, 1963) performed on the means for the three levels of 
that variable revealed that all three pattern types differed signifi- 
cantly from one another (£ < .001 for each comparison). Specifically, 
subjects had the greatest ease in producing the correct number of beats 
on patterns which contained three beats. Further, their performance 
was better on the patterns with five beats than on those with seven 
beats . 

Total Duration of Patterns 



Each pattern was assigned a value representing the ratio of the 
subjects response duration to the actual duration of the standard 
pattern. These ratios were submitted to a 3 (hearing status) X 2 
(age) X 2 (sex) X 3 (pattern duration) X 3 (number of beats) X 5 
(trial blocks) general balanced design analysis of variance. 

A significant sex main effect was obtained f~\ F = 9.21, £ < .01 J. 
Male subjects tended to underestimate somewhat tEe”total length of 
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the rhythm patterns , but they were significantly more accurate 
than were the female subjects, whose underestimation was 
pronounced. 

The analysis revealed an extremely significant main 
effect due to the duration of the patterns /~F = 185.05, p < .001 7* 
Multiple t-tests showed that subjects were more accurate in re pro— * 
ducing total duration for 5 sec. patterns than for either group of 
10 sec. patterns (£ < .001). The accuracy of duration reproduction 
for the 10 sec. patterns matched with the 5 sec. ones on rhythm 
did not differ from that for the 10 sec. unmatched patterns. The 
main effect of pattern duration can be seen in Figure 10. 



1.0 



Subjects Pattern = Standard 



c 

5 

Id 

Is 

•H 
G 4-> 



U 

<y 

P 



rd 

G 

3 



P <3 
fd 

tU (0 

•• 

(0 TJ 
- G 

•p fd 
o 'O 
Q) G 
*o id 
A P 



3 

CO 



CO 



O 

m p 



o 

•H 

P 



& 



.9 



.d 



.7 



.6 



.5 



.4 




BEATS IN STANDARD 

Fig. 10. Accuracy of pattern duration response 
as a function of number of beats and duration of the 
standard . 



28 



r~ c n “r, 6 ^ e nm °7 nu [3 b ^- 0 f beats was found t0 be significant 

repealed thiAf ^ Mul 5 lple t-tests performed on the means 
revealed that as the number of beats in the pattern was increased 

Ihat e ±s S n^f^ 0dUCti0nS °K the tota } duration improved progressively. 
f performance was best when involving seven-beat patterns 

sSn^nt three-heat patterns, each individual comp^ison being 

effect S Suffer of tLts 3 ™ 10 S**#**^ the *** 

. Duration X Beat interaction was also significant f~F = g as 
£ ft® can be noted in Figure 10 this ^eracSon"il It- ’ 

the in =5 f Proportionately higher improvement in performance of 
the 10 sec. matched group of patterns when they contained seven beats. 

/- F = F 4 9 32 6 i lsh °w st he s ignif icant Hearing status X ftge interaction 
it,., ’ £.< •°5_/. At the ten-year age level, deaf subiects were 

durations A^°?he 0 f?S her normal - hea ring group in reproduction of 
< ht h ! flfteen -year age level, however, there was little 
difference m performance among any of the groups. The deaf subiects 

cSd a wMS e the C he e s a r e **** » doWS*£ 

,^? as ? d > wh Ji\ th ® hea rmg subjects' performance dropped markedly 

bette/than the^earing^r^oup 6 Hear±ng 1 gr ° UP performed s^htly 
Rhythm Patterns 

pattern ddf £® rence 0» score was calculated for each 

maonitnde S tJ^J f ® rr0r was dir eotly represented by the 

status^? p scores were submitted to a 3 (hearing 

beats l^wtSSi m 2 £ S f x) X 3 (P attern duration) X 3 (number of 
beats) X 5 (trial blocks) general balanced design analysis of variance. 

mu ,ft significant age main effect was obtained /~F = 12 58 n ^ nm T 
Ihe fifteen-year-old subjects made significantly^flwer e^ors^n " 
rnythm reproduction than did the ten-year-old subjects. 

The msineffectof duration was found to be significant /~F = 24.36, 
: 001 -/ • Multiple t-tests performed on the means revealed“tKat 

Sde e on°S Sc? StlhSV^rST' foo^^KdLi 6 ” 6 " tha " th ° Se 

one? (? W < r oil 10 F f eC ‘ m ?5 ched patterns than for 10 sec? n uimatdhed COTeS 
duration^ * Figure 12 presents graphically the main effect of 
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Scverai interesting strategies were reported by the subiects in 
th ^ -©xperimental interview. Of 38 subjects responding 25 said 

SSe?S?S hS4 be S S V eigh 5 a 5 tempted t0 estimate 4e SSi passage 
between two beats, two tapped the beats contrary to the exnerimeni-Pr. t « 

v“SSSvf nd n? n ? U v S ^ V0C \ li2ati °" s - 9"® sU?e?t cSSedSf ??e S 

3 y* ^ looked at the screen while X was tapping and 
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Fig. 12. Accuracy of pattern duration response as 
a function of length of the standard and trial blocks. 
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remembered when and to what rhythm it went.” Another subject paced 
the rhythms with his breathing: "I tried to space the dots with my 

normal breathing rhythm.” From these reports, it is apparent that 
there is some variety in the methods utilized. 

DISCUSSION 

The main thrust of this study was to determine the mediating 
process in the perception of rhythmic patterns. Specifically, it 
represents an examination of the importance of hearing to the per- 
ception of time-related things. 

Much of the literature cited in the introduction supported a 
connection between the auditory sense and time perception. With re- 
spect to persons without hearing, it has been suggested that they 
may have an inadequate concept of time as a result of their hearing 
loss (Silverman, Lane, & Doehring, 1960). If this were the case, 
one would expect their perceptions of time to be less adequate also. 
However, it is not clear that hard-of-hearing subjects or deaf sub- 
jects perceive rhythms less well than hearing subjects. 

It is interesting that, despite the frequent suggestion that 
hearing is crucial to time perception, this study obtained no over- 
^11 main effect due to hearing status. Not only were the hearing- 
interfered subjects able to reproduce the rhythms as adequately as 
the normal -hearing ones from the beginning, but the deaf persons 
performed equally well also. This finding was consistent across 
all three dependent measures. 

The question as to what mediating scheme does operate in rhythm 
perception still remains unanswered. The fact that the hearing 
mechanism has not been supported as a sole mediator lends credibility 
to a theory involving a more central time-organizing system (see 
Figure 13). Hearing may be but one aspect of such a mechanism with 
other senses involved in a similar subordinate role (as suggested by 
Hirsh and Sherrick, 1961). If such a cluster of mediators is avail- 
able, individual subjects might be inclined either to rely on only 
one particular mediator at a time or on some combination of them. 



The reports obtained from subjects on the post-experimental 
questionnaire prove somewhat revealing with respect to the mediators 
that may be used in rhythm perception. Most of the respondents re- 
ported using counting to aid in the storage of the patterns. Al- 
though these subjects did not directly mention using vocalization, 
it is highly probable that their counting did involve a vocal aspect. 
Subjects who reported using more intricate mediators mentioned some 
which have been discussed in the previous literature. For example, 
several subjects. tapped the rhythms on the table vhile they watched 
the screen. It is likely that, had the instructions not discouraged 
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would have taken advantage of kinesthetic cues. 

/c 1 S atl °? was .Practiced by one subject, while visual 
imagery (such as described by Fraisse, 1963) was reported in 

^ S ^ bj ® ct claimed he used his breathing pattern as 

a template for the rhythms. This is a particularly noteworthy strat- 

2K readi^? P60t * EiSler ’ S (1968) disc ^sion of brea°t“hy^ 

Further research is indicated in order to explore more fu31v 

selecting Mr^o 1 ^ 01 ’ 8 generally available, the contingencies for 
flit It * f partloular ones an specific situations, factors which af- 
feet their usage, and the possibility of individual preferences. 

. How these results involving the deaf relate to their difficul- 

As Stated earlief i? a ? d es P eciall y reading is not clear. 

As stated earlier, it is felt that rhythm is important in lancruacre 

deef k hpH , K Part i CUl ^ rly in Speech perception and reading. If the ? 

h p d u 6en l°T d lagging ln the Perception of rhythmic patterns 
that may have had some connection with their language deficiency 

subjects at^east t0 perform equally with the hearing 

1 Vi* SStL 

rhyt& P !angSgr a SliS. eXPl ° rin9 ““ relati ° nShip between 

. . ' ^ subsequent study investigating memory of the deaf for visual 

5 l n-^? n li >atte f' nS ha ? bee n. initiated. The literature encompassing 
hort-term memory investigation offers several points for investicra- 
° f ,“ y temporal patterns in the deaf. Sperling's ^ 
(1966) includes a primary auditory-rehearsal component in short-term 

hive b 5 th Laugher y and Harris (1970) and Posner (1967) 
have found some evidence that visual storage may also be present in 



t-hp i^cpr>? Chni S Ue f ° r investi ? atin ^ encoding and memory storage is 
the insertion of an interpolated task between stimulus presentation 

and recall. Brooks (1968) and Atwood (1968) employed this technique 
finding differences m the recall of verbal and visual material 
depending on the type of interference task employed. 

n6 ^ stud y will investigate differences in the recall of 
temporal patterns between the deaf and hearing with the introduction 

h^vp 1 hCpn , f m0t H ^ i C, and , ’ n °" interfere nce tasks. Since the deaf 
have been found to recall temporal patterns as well as the hearing 

some storage mechanism independent of audition or a STM auditory- 9 
verbal component may be operating. y 
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Experiment II 



METHOD 



Subjects 

Twenty young congenitally deaf adults from a residential school 
for the deaf and twenty students from a local high school will serve 
as subjects. All hearing subjects will wear headphones to block out 
extraneous noises from equipment and other sources. 

Design 

A 2 X 3 X 3 factorial design will be employed. Each deaf and 
hearing subject will receive all levels of the interference-task 
variable and the numb er-of -beats variable in a counterbalanced arrange- 
ment. Subjects will be given all conditions in one session with rest 
periods between conditions. 

Stimuli and apparatus 



Patterns will be presented on 16 mm. movie film at a speed of 
16 frames per sec. by a Traid Selecta-Frame projector. A modifica- 
tion of Rileigh’s method (1970) of pattern construction was employed. 
Patterns were structured as groups of Morse code-like signals of four, 
five, and six beats. A black dot centered on white poster paper ap- 
pearing for six or 18 frames (.375 or 1.125 sec.) served as a short 
or long beat. Off-intervals filmed as white stimuli appeared for six 
frames (.375 sec.). Preparatory and terminal frames signalled the 
beginning and ending of a pattern. Each subject will be given 36 
trials in each condition; a trial consisting of two like and one un- 
like patterns. The first two patterns will be presented rapidly 
separated by a 1.5 sec. interval. A six-sec. interval will separate 
the first two patterns from the third pattern. Patterns, on a whole, 
vary in time length. However, only identical-beat (same number of 
short and long beats), equivalent -length patterns are compared with- 
in a trial. The position of the odd pattern was counterbalanced, ap- 
pearing an equal number of times for each beat category within a condi- 
tion and across conditions. The same stimulus pattern combinations 
were employed in each condition with their order of appearance random- 
ized for each condition. 

Stimuli for the visual interference task consist of slides con- 
taining two pentagon-shaped geometric forms. These are to be matched 
by the subject from a group of six different forms. Eighteen random 
pairs of forms were selected to be presented two times within this 
condition in a random order. 

Motor interference task stimulus consists of a form board with 
like indentions on each side (square, circle, rectangle, and triangle). 
Blocks will be given to the subject to fit into the various indentions. 
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Procedure 



M1>h f a n?o^ b ? eCt "i 11 be seat< T d in fr ont of a white screen covered 
with a plexiglass sheet. He will then be given a copy of written 

' JJ?; S task wil1 be t0 determine if the third pattern 
in a series of three patterns is the same as the first pattern, 

second pattern, or neither of the first two patterns. Before 
the visual and motoric interference conditions, the subject will 

^ b V^ a , Written descri P tion of the task occurring between 
°" d r and third-pattern presentation. The experimenter will give 
the subject several practice trials before each condition. 9 

At present, stimuli for the study are in the final stages of 

completion and pilot work will begin immediately. This study will 
be completed after the termination of the grant because it is the 
ubstance of an undergraduate Honors Thesis by Mrs. Suellyn Boyd. 

B. Memory for Linguistic Material 

■ ^ ® ar ®. are °5 her factors than organizational ones associated 
with encoding and memory of linguistic material. One of these 
which is especially relevant for the deaf is the form (and modalitv} 
in which the encoding and decoding of linguistic material takes 

nri^H - Sperl i n ? (1966) has suggested that visual memory is com- 
£22 e f recognition buffer which transfers linguistic 

execut^ ’ lnt ° 3 motor oom P onen t and then when that's 
executed, into auditory storage. 

At th^LesS?^™* n ?* ure of short-term memory is well-documented. 
At the present time, it appears that the basis of immediate memorv 

WickleoSen at ?qRq r t th ? r acoustic ln character (Hintzman, 196 

19690 S ! e Neisser » 1966 for a discussion of the topic), 
short-term memory for linguistic material depends on being able 

K1 ° r ^ e mg - able to talk, the deaf should have a severe memory 
problem. That they don't has been demonstrated many times. Whether 

Sdi^Tn^HH^^ co £ cept ? f sbort **term memory allows other kinds of 
f? dlt * on J?° articulat0r y/ auditory or whether it allows for 

bl ° n ^ he case of the deaf > or whether the findings to 
date are misnamed is an empiric U question. 9 

nf +.wl! n St S eS discussed in this section investigate some aspect 
of these questions. This chapter is divided into two sections-- 

The 9 eoonH S ^L C0nCernS S ? aller units, e.g., letters and numbers. 

The second set concerns larger units, e.g., words. The first 

bv U Esteq nqc?N me f Curt # McIntyre, adapted a technique developed 
y investigate visual information processing 

as a function of different types of interference. * 9 
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The fourth study approached the same question with a different 
technique and the fifth study, another done by Curt McIntyre, com- 
pared deaf and hearing subjects on the learning of letter-like forms. 



The last studies involve the coding, memory and organization for 
words* The initial one looks at Sign as a possible coding medium 
and the second compares deaf and hearing subjects on their organiza- 
tion of words in memory. 

1. Effects of Auditory Loss and Types of Noise Similarity on the 
Information Processed from Visual Sensory Memory. 

The influence of prelingual deafness upon memury has long 
been of interest. Usually, either short term or long term memory 
has been studied while little interest has been directed toward 
sensory memory, i.e., the large capacity peripheral storage mechanism 
which briefly holds sensory information. An understanding of any in- 
fluence of prelingual deafness on sensory memory is important since 
all information processed by an individual must be extracted initial- 
ly from sensory memory. 

. One quantity of sensory memory which has been studied extensively 
is the amount of information a subject can extract frcm a briefly 
visual display, i.e., the span of apprehension. Sperling 
(1960) found that the span was an increasing monotonic function of 
the amount of information in the display. The conceptual model de- 
veloped from this result contains two fundamental assumptions! 

First, all of the information in the display is available to the 
subject for several hundred milliseconds after physical termination 
of exposure in the form of a rapidly decaying afterimage of the ini- 
tial exposure. Second, a central processing device operates upon 
this image to retain information before it decays. Information ele- 
ments in the display are retained permanently if they are processed 
by the device; elements not processed prior to their decay are lost. 

How this central processing device operates upon the image in 
sensory memory to extract information before it decays is not known. 
Most likely, the elements of visual information contained within 
sensory memory as images are recoded and retained by means of an 
auditory information storage mechanism associated with short term 
memory (Sperling /1963/ discusses this possibility extensively). 
However, this is not likely to be the case for the deaf since, pre- 
sumably, they lack an auditory information storage mechanism. 

Estes (1965) and Estes and Taylor (1966) have developed an 
explicit quantitative model of the span of apprehension which 
specifies an indirect method for estimating the span. Although the 
model is not complex, there is no need to review its formal assump- 
tions here. It will be helpful, however, to state the general 
rationale of the measurement procedure. From the standpoint of the 
su 3 ect the basic task is simply a forced-choice letter recognition 
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task where on any tachistoscopic exposure either one of two 
letters will appear. The subject knows what these letters are, 
say for example the letter T and the letter F, and he also knows 
the a priori probability of their occurrence. The letters can be 
thought of as analogous to the signals one would be required to 
detect in a standard signal-detection experiment. If the signal 
or target letters are placed in an array of other irrelevant let- 
ters, then it is intuitively clear that these irrelevant letters 
can be considered analogous . to noise in the signal detection sense. 
T 2 a ^u 1S, • a sub ^ ect is going to make above-chance recognitions 
o. , signal letters, his scanning process must discriminate the 
signal letter from the irrelevant noise letters. The number of 
letters that the scanner examines, of course, is an operational 
statement of the span of apprehension. 



. Estes has shown how the number of letters scanned can be 
estimated from the percentage of correct recognitions and from 
the number of letters physically present in a display. He has 
demonstrated that as the number of letters in a display increases 
the probability of correct recognition predictably declines, but 
the number of elements scanned or processed, i.e., the span of 
apprehension, increases with display size. 

Experiment I 



, ^-^6 first ex P er i men t, the span of apprehension, as assessed 

by the forced-choice technique developed by Estes, of congenitally 
deaf subjects and hearing subjects was compared for three informa- 
tion conditions. In one condition no noise letters were presented. 

In the other two conditions, the signal letter was surrounded by 
either three or seven noise letters. Note that the subjects task 
remains the same independent of the number of noise letters in a dis- 
play. He merely gives a forced-choice recognition response, e.g., 
it was a T or it was an F. ’ y ’ 



It is reasonable to expect that if an auditory information 
storage mechanism is involved in the processing of information 
trom visual sensory memory then differences in performance should 

this^rnechanism^ C0 ^ g ® nit ? i:L y d f* f subjects, (who, presumably, i ac k 
mechanism and hearlng subjects (who, presumably, have this 

METHOD 



Subjects 



Subjects matched on age and sex were selected from two popula- 
tions: the junior and senior classes of the Tennessee School for 

and the junior and senior classes of a local high school 
(Williamson County, Tennessee). Sixteen subjects (8 male and 8 
female) were selected from each population. The mean age of both 
groups was approximately 17 years. 
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Materials 



The stimulus displays, consisting of arrays of letters, were 
designed and constructed in the following way. Each array was made 
by typing letters on a white index card, which in turn was mounted 
on a cardboard insert which facilitated rapid insertion and removal 
from a tachistoscope. To allocate letters in each array, an 
imaginary matrix of 16 letter spaces was located at the center of 
each card. Each matrix (4 letters wide and 4 letters high) subtend- 
ed 2° X 3° of visual angle. Each array contained one of two signal 
letters (T or F) ; each signal letter appeared once on three separate 
cards in each of the 16 possible matrix positions, yielding a total 
of 48 T arrays and 48 F arrays. One set of 32 arrays, composed of 
16 T arrays and 16 F arrays, contained only the signal letter (matrix 
size 1). The other“two sets of 32 arrays, 16 T arrays and 16 F arrays 
in each set, contained the signal letter plus either three or seven 
noise letters (matrix sizes 4 and 8, respectively). In these latter 
sets of stimulus displays, a signal letter was first located at one 
of the 16 possible positions and then either three or seven different 
consonant letters were randomly selected without replacement and 
randomly allocated to either three or seven of the 15 remaining posi- 
tions in the matrix. Each letter in the matrix subtended approximately 
12 ’ X 18’ of visual angle, while letters occurring in adjacent cell 
were separated vertically by 30’ of visual angle and laterally by 24’ 
of visual angle. 

The stimulus arrays were exposed in a two-channel tachistoscope 
(Scientific Prototype, model 800-E). One field, the constantly 
illuminated fixation field, contained four black lines 12’ in width 
arranged to form a 2 1/2° X 3 1/2° cornerless rectangle. The center 
of the rectangle defined the fixation area. The fixation field 
luminance was 9.6 ft-L. The stimulus displays were exposed for 90 
msec, in the other field of the tachistoscope. The exposure field 
luminance was 78 ft-L. 

Procedure 



Each subject was given a standard set of written instructions 
and a response booklet. The subjects were instructed to indicate 
which signal letter (either T or F) appeared on each trial by 
circling the appropriate letter (either T or F) in the response 
booklet. Practice trials were given to Habituate the subject to the 
task and to insure that the subject understood the instructions. 

During the practice trials each subject was presented with three 
randomly selected blocks of 10 trials, each block drawn from a sepa- 
rate matrix size with the restriction of an equal occurrence of 
the signal letters (5 T’s, 5 F’s). After the practice trials each 
subject was allowed to rest for two min. before the experimental 
trial blocks began. Each subject then viewed three sets (matrix sizes 
1, 4, and 8) of two 10-trial blocks, each separated by a 2 min. rest 
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period. Order of presentation of the matrix sizes was randomized 
within subjects. Each subject received a different randomization 
of stimulus materials. The intertrial interval varied with the in- 
dividual subject’s response rate, but an average of approximately 
one trial every 15 sec. was maintained. A 30 sec. rest was given 
after each block of 10 trials. 

RESULTS AND DISCUSSION 

The basic data was the mean probability of correct recognition 
(Pc) by each group for each of the three matrix sizes. These data 
are presented in Table 4. Analysis of variance revealed a signifi- 
cant effect for matrix size /~F(2,60) = 94.85, £ <.01 7 but no 
significant effect for group or~for the groups X matrix“size inter- 
action. Newman- Keuls multiple comparison tests (p < .01) revealed 
significant differences between all comparisons with the following 
order: Pc matrix size 1 > Pc matrix size 4 > Pc matrix size 8. 

This significant effect for matrix size was expected. As 
mentioned before, Estes has demonstrated that as the number of 
letters in the display increases the probability of correct 
recognition decreases. Estimates of the span of apprehension 
(SOA) were obtained from the probability of correct recognition 
(Pc) at a given matrix size (M). Specifically, these estimates 
were obtained by use of an equation, SOA = M (2 Pc-1), derived by 
Estes (1965). These estimates, which are presented in Table 5, 
agree with Estes’ demonstration that as the number of letters in the 
display increases the estimated number of letters processed increases • 

The lack of an effect for groups and the lack of an effect for 
the group X matrix size interactions indicates that the performance 
of the deaf and the hearing subjects was equivalent. This equiva- 
lence in performance may have occurred for several reasons. First, 
the forced -choice technique used in the present study may have 
eliminated important performance differences between the deaf and 
the hearing subjects which might have occurred with a method of 
report: that confounded the information initially available to the 
subject with his subsequent ability to remember and report the 
elements in the display. Second, the difficulty level of the task, as 
reflected in the high performance levels of both groups, makes the 
occurrance of stable difference observations less likely. The difficulty 
level was established to reflect any consistent deficits within groups, 
but the errors which actually occurred were apparently produced by 
random attentional fluctuations. 

Experiment II 

In the second experiment, the possibility that performance 
differences between the deaf and the hearing subjects may have 
occurred with a method of report that confounded the information 
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TABLE 4 

The Mean Probability of Correct Recognitions 
As a Function of Group and Matrix Size 



Group 


1 


4 


8 


Deaf 


.994 


.947 


.816 


Hearing 


.988 


.938 


.822 





TABLE 5 

The Estimated Mean Number of Elements 
As a Function of Group and Matrix 


Processed 

Size 


Group 


1 


4 


8 


Deaf 


.988 


3.576 


5.056 


Hearing 


.976 


3.504 


5.152 




r* r ; 
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initially available to the subject with his subsequent ability to 
remember and report the elements in the display was tested. Here, 
a full-: report technique which requires the subject to report all 
the elements seen in a briefly exposed display was used. This 

requires that each element be processed completely before 
addl??nn^i rep ° rta< ?* This complete processing requirement and the 
mf „ lie * retention requirements associated with this technique 
auditory information processing mechanism necessary, 
the span of apprehension of congenitally deaf subjects and 

tion maSiv e ^L W a S 00m P are ^ a ? ail }- Only one information condi- 
on, matrix size 8, was used. This matrix size was selected 

SMn U of ann^°?^c" S 3 r‘ umber J °f elements greater than the maximum 
span or apprehension observed during Experiment I. 

METHOD 



Subjects and Materials 



di,™i-?nn ntoH ? ub g ects ? tachistoscope , fixation field, and exposure 

set of n ^ x P? ri ? ent 1 we re used in Experiment II. A new 

set of 32 stimulus displays was constructed. For each stimulus 

isplay , eight consonant letters were randomly selected without 
replacement and randomly allocated to eight of the 16 possible 
positions in the matrix. 

Procedure 



arM , / fo subject was given a standard set of written instructions 

? P 22 Se Th e subjects were instructed to write down 

all the letters which appeared in the display for each trial in the 

ieef^o 6 ^^- ? actace trials were g^en to habituate the sub- 
task and to insure that the subject understood the in- 
structiona. During the practice trials the subject was presented 
with a randomly selected block of 10 trials. After the practice 
111* 9 6 ? Ch subjec1 r was allowed to rest for two minutes before 

trial bl ° cks began. Each subject then viewed two 
10-trial blocks, separated by a 2 min. rest period. Each subiect 
received a different randomization of the stimulus displays. The 

lnterval va £ ied with the individual subject’s response 
rate, but an average of one trial every 30 sec. was maintained. 

RESULTS AND DISCUSSION 

w * s the mean estimate of the number of letters 
?SOA^ S tria Kfl1‘ * tb ^ e estimated span of apprehension 

(SOA ), which was 2.79 for the hearing subjects and 2.67 for the 
deaf subjects. These estimates were obtained froin the number ol 

t correctly on each trial, C, the number of letters 

? n ^ aCh trial » A > ^ the matrix size, M. Specifically, 
these estimates were obtained by use of an equation SOA f = 20c~ftA 

derived by Estes and Taylor (1964). ^O-M-A+c 
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Application of a t-ratio to these data failed to reveal a sig- 
nificant difference. This result indicates that failure to obtain 
a performance difference between the deaf and the hearing subjects 
during Experiment I was not due to the method of report. However 
the method of report did influence the size of the estimate of the 
span of apprehension. The estimate obtained with the full-report 
technique was approximately half that obtained with the forced-choice 
technique. This difference is due to the confounding of the informa- 
tion initially available to the subject with his ability to remember 

techniqu^ ^ elements in the dis play associated with the full-report 
Experiment III 

. - In ^ the third experiment, both the possibility that an auditorv 
information storage mechanism is not important to and the possibility 
that some other storage mechanism is used by the deaf for the recoding 
£!“««! <* information from visual seLory memory was teS 3 
The use of the forced-choice technique developed by Estes to estimate 
mPPbflKc °t apprehension allowed indirect evidence, about the storage 

Sf ^oise m le^ip?< 5 US ? d, t0 b ®. ?^ tained via manipulation of the selection 
wb-inb ^ * e *’. dlf fenent sets of noise letters were selected 

^jmized a certain type of confusion with the signal letters. 

araohin sel ® cb ® d on the basis of their auditory similarity, 

graphic similarity, and finger spelling similarity to the signal 

letters used m the auditory confusion condition, the visual confu- 
sion condition, and the manual-motor confusion condition, respective- 

iw* C ° mp f ri ?° n 0f performance of deaf and hearing subjects on 
these confusion conditions with their performance on a random noise 
(random confusion) condition allowed assessment of whether any or all 
of three possible storage mechanisms (auditory, visual, and manual- 

6° wai used. ^ US6d - ^ ° ne inf °^ionoondi tioA , matrSs ize 



METHOD 



Subjects and Materials 

The same subjects, tachistoscope, fixation field, and exposure 
duration used in Experiments I and II were used in Experiment III 
JSVSV® 1 * of 32 stimulus displays each were constructed For 
^ditory confusion condition (Condition A), each array contained 
sigi ? ab letters (B or P); each letter appeared once in each 
Possible matrix positions, yielding a total of 16 B arrays 
arra y?‘ A signal letter was first located at one oF the 16 

dnmi v b M^b° S i tl0n ? and then five con sonant letters were selected ran- 
domly without replacement from a six element pool (C, D, E, T V and 

Tn PPPb ran ^°^ ly a i^° Cated t0 five of tbe fiftee n remaining positions 
in each matrix. The same construction procedure was used for the 

ter^were^se^f of 32 sti f ulus displays except that different let- 
u f® d £° r each set. For the visual confusion condition 
(Condition V), the signal letters were C and R and the noise letters 
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(Condition Hj, fi the’sIgnafi e tterrwere‘N 0 and 

noise le°ttL C s l r t e°fl ) R |; N^Tand®*?^ 2 ^ 2’ and the 
Procedure 

and a respo^e e booSaet 51V The a 'ubiectr J Me et ° f Written instructions 
which of the signal letters instructed to indicate 

appropriate letter in the response book 1 *r Ch £ rla i- by oiroll ng the 
subject°understood the ££££ t £n?“ * aw.^t'ttS 

S e triais eCt ea W ch ET fo ”‘^y s^effillcSIf * ’ 

~~ SCt. 

allowed to rest for ri? iif ^ trials each subject was 

ject 1 'recSved 1 a n di3Merent n r^ndomiz«iOT^^f W ^^^": sub- 

maintained. A 30 Sac wS"... ■ y 2 trlal ever y 15 sec. was 

a do sec. rest was given after each block of 10 trials. 

results and discussion 

(PC) S^1roup a fofeach ° f correot cognition 

data are presented in Table ¥ ^ co " fusion conditions. These 

significant effect for conlusion con^tlof /FrP .nf 3 , 

but no significant effect fnr rrr»rvir»e 4 -u (2 >60) - 26.90, p^.OlT^ 

tion interaction. NeLan-KeJaf mu?t-inL the groups x confusion con<T- 

thus,^the siz^of the^nan^f ^an 10 ^ 68 ^ hdt the P erform ^nce, and, 

ing subject S 2 decrease d S ^der^both r the n auditorv t p e ?*• ^ ^ hlar “ 
and the visual confusirm rfte m ? udl tory confusion condition 

dicate that both an Iud?torv iS™' ^ 6Se inte rference effects in- 
visual information storan-P ormation storage mechanism and a 

retention of information^*, visuIT sensory°~y? reC ° dln9 and 
Experiment IV 

seemed to b^through moto^channel" 3 ^^^ 1 ^ process in the dfeaf still 
analogue of the vocal mechanist Cl? ® y ar ® the best fun ctional 

Locke (1969 ^ aid PMh^I r! , 016 P reulous study, and ones by 

that if deaf subjects did cod? letters^annal 6 ^ gave sorae indication 

o - letters manually, such a process would 
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TABLE 6 

The Mean Probability of Correct Recognitions As a 
Function of Group and Confusion Condition 



Contusion Condition 



Group 


Visual 


Auditory 


Manual -motor 


Random 


Deaf 


.763 


.847 


.966 


.944 


Hearing 


.747 


.819 


.900 


.916 




r- 
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be difficult to discover experimentally. As in studies of articula- 
tory and auditory coding in hearing subjects , the present study 
attempted to cause confusion by having subjects try to reco^ize 
which of a set of ’’similar” items were the items they were supposed 
to remember. We attempted to get deaf subjects to generalize from, 
say, a letter to a number, both of which have identical manual signs. 

METHOD 



Materials 

A master list of letters and numbers was constructed with the 
requirement that in themanual alphabet and number system for every 
letter, there was a number that was made in a similar fashion. The 
pairs were as follows: 

A 10 

B ' 4 

D 8,1 

F 9 

V 2 

W 6 

A set of unrelated control pairs was also constructed: 

J 12 

P 1 

T 5 

G 3 

M 11 

R 7 



Procedure 

Subjects were required to learn a list of letters, say A, B, 

D, G, M, R mixed with numbers, 9, 2, 6, 12, 1, 5. At a later 
they were“"given all the letters anST lumbers m the list above «nd 
told to circle the ones they had just learned. (Actually, the 
subjects were also given some letters and numbers which made the 
list longer and had no related items. These control items appeared 
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in both learning and recognition lists, but their recognition fre- 
quencies are not shown because they were the same as those for 
’’original items.”) 

The lists were designed so that half the subjects learned 
half the letters and numbers, and the rest of the subjects learned 
the other half. All subjects were given the same test list with all 
the letters and numbers from which to choose the ones they had learned. 

The 12 letters and numbers of the initial list were presented 
on 2X2 slides, with the individual items displayed one-at-a-time 
for 1 sec. each. The older of presentation was randomly determined 
and was different for each group of subjects. Subjects viewed the 
list only once. Then they were given a sheet of paper with all the 
letters and numbers listed in two columns (each subject in a group 
had a different random order of items on the page) and were instructed 
to circle the letters end numbers they sew on the screen# 

Instructions for the task were printed on the top page of the 
response booklet. Subjects were given time to read the instructions 
and the opportunity to ask questions. 

Subjects 

Deaf subjects were 24 high school students and 16 ten to twelve- 
yr. olds at the Louisiana State School for the Deaf. All participants 
nad an IQ in the normal range, prelingual and severe hearing loss. 

A control group of 24 high school students with normal hearing also 
participated m the experiment. 

RESULTS 

The critical measure was the number and kinds of errors the deaf 
subjects made on the recognition task compared to the control subjects. 

Table 7 shows the mean number of correct and erroneous responses made 
by all subjects. 

mu J It . is ? bviou ? from the table that no statistics were necessary. 

The deaf and hearing subjects made almost the same kinds of errors. 

Once again there is no evidence whatsoever that the deaf rely on 
manual coding to remember written or printed material. It may be 
that manual signs are so discrete and discontinuous that it would be 
impossible to induce confusion among the items. Whatever the explana- 
tion, there seems to be good reason to try a new method of attack or 

to try to find other processes which might be involved in the deaf’s 
coding. 




V* U 



